Objective: Antibiotics are prescribed too often in acutely ill children in primary care. We examined whether a Point-of-Care (POC) C-reactive Protein (CRP) test influences the family physicians' (FP) prescribing rate and adherence to the Evidence Based Medicine (EBM) practice guidelines. Design: Cluster randomized controlled trial. Setting: Primary care, Flanders, Belgium. Intervention: Half of the children with non-severe acute infections (random allocation of practices to perform POC CRP or not) and all children at risk for serious infection were tested with POC CRP. Subjects: Acutely ill children consulting their FP. Main outcome measure: Immediate antibiotic prescribing. Results: 2844 infectious episodes recruited by 133 FPs between 15 February 2013 and 28 February 2014 were analyzed. A mixed logistic regression analysis was performed. Compared to episodes in which CRP was not tested, the mere performing of POC CRP reduced prescribing in case EBM practice guidelines advise to prescribe antibiotics (adjusted odds ratio (aOR) 0.54 (95% Confidence Interval (CI) 0.33-0.90). Normal CRP levels reduced antibiotic prescribing, regardless of whether the advice was to prescribe (aOR 0.24 (95%CI 0.11-0.50) or to withhold (aOR 0.31 (95%CI 0.17-0.57)). Elevated CRP levels did not increase antibiotic prescribing. Conclusion: Normal CRP levels discourage immediate antibiotic prescribing, even when EBM practice guidelines advise differently. Most likely, a normal CRP convinces FPs to withhold antibiotics when guidelines go against their own gut feeling. Future research should focus on whether POC CRP can effectively identify children that benefit from antibiotics more accurately, without increasing the risks of under-prescribing.
Introduction
Antibiotics are prescribed too often for acutely ill children in primary care [1] . One possible explanation could be the physicians' diagnostic uncertainty, as distinguishing between viral and bacterial infections is clinically challenging and denying antibiotics to a child with a possible bacterial infection feels inappropriate [2] [3] [4] [5] [6] . To promote appropriate prescribing, evidencebased medicine (EBM) practice guidelines were drawn up [7] . They inform physicians in which specific clinical conditions antibiotics should be prescribed. However, they are not always clear-cut, still leave room for doubt and subjective assessment (e.g. "severe" pain, "less" fluid intake).
C-reactive protein (CRP) has recently been put forward as an objective tool to increase diagnostic certainty. Research has shown that point-of-care (POC) CRP testing improves antibiotic prescribing rates in adults with respiratory tract infections in primary care [8] . In comparable health care settings, no significant reduction has been found in children [9] [10] [11] . Aabenhus et al. [8] suggested that when guidance was provided on when to withhold or initiate antibiotic treatment based on specific cut-off values, the effect of POC CRP was more prominent [12] [13] [14] [15] . Up to now, such cut-offs in children are lacking.
In the original ERNIE2 trial, we have shown that POC CRP without guidance did not reduce antibiotic prescribing in children with acute non-severe infections in primary care in comparison to usual care [10] . For the present paper, we tested whether family physicians (FP) take CRP into account once measured and to what extent this influences their adherence to the guidelines ( Figure 1 ).
Our hypothesis was that normal CRP levels would support FPs to follow the EBM practice guidelines when the latter advise to withhold antibiotics.
Methodology

Study design
We performed an in-depth analysis of the ERNIE2 trial, a cluster randomized controlled trial in children presenting with an acute infection to a FP. Both the study protocol and main results of the ERNIE2 trial have been reported previously [10, [16] [17] [18] [19] .
Study population
Participating family physicians
All FPs in Flanders (Belgium) prepared to consecutively recruit at least five ill children during the inclusion period, were eligible to participate. Details of the recruitment procedure can be found in the published study protocols [16, 19] .
Participating children
Children aged 1 month to 16 years presenting to a participating FP with an acute infection of maximum 5 days were consecutively recruited and received an intervention according to FP's intervention group. Children at risk for serious infection were identified by means of a clinical prediction rule [17, 20] based on four clinical criteria, namely clinician concern (gut feeling 'something is wrong'), dyspnea, temperature !40 C, and diarrhea in children aged 1 to 2.5 years.
Children referred to secondary care were excluded. Other exclusion criteria were episodes caused by merely traumatic or neurological conditions, intoxication, psychiatric or behavioral problems or an exacerbation of a known chronic condition. Written informed consent was solicited from the child's accompanying parent or legal guardian.
Intervention
In the ERNIE2 trial, a POC CRP test was performed in (1) half of the children with acute non-severe infections (scoring 'no' on the four criteria of the clinical prediction rule, random allocation of practices to perform POC CRP or not) and (2) all children at risk for serious infection (scoring 'yes' (or 'I don't know' in case of clinician concern) on at least one of the criteria of clinical prediction rule). For the present analysis, we compared antibiotic prescribing in children in which CRP was tested to those in which CRP was not tested.
For the POC CRP test (Afinion AS100 Analyzer, Alere, USA), a finger prick was performed and the result was available within 4 minutes [21] . Guidance on the interpretation of CRP-results was not provided, as reliable cut-off values for children in primary care are unknown [11] .
Data collection
FPs registered child characteristics, clinical parameters, preliminary diagnosis and treatment actions (or referral) on a registration form. Parents completed a diary until they deemed their child to be recovered [16] .
End points
The main outcome was the immediate antibiotic prescribing rate. An immediate prescription is meant to be delivered and administered immediately after the consultation.
Sample size calculation
The original cluster randomized trial was sufficiently powered [10] . Since post hoc power calculations are not useful [22] , we did not perform another sample size calculation.
Statistical analysis
The analyses were performed with SPSS 24 [23] . We performed a mixed effects logistic regression analysis, considering the hierarchical structure of the data (practice level, FP level, patient level). First, we investigated whether performing POC CRP in itself would influence FP's adherence to the guidelines. Secondly, we investigated whether this influence was dependent on the CRP level (normal versus elevated).
Determining antibiotic prescribing advice provided by the EBM practice guidelines
To determine whether antibiotics were prescribed appropriately, we combined three different elements: (1) preliminary diagnosis (e.g. acute otitis media), (2) clinical signs (e.g. bulging tympanic membrane) and (3) indicators for rational prescribing of antibiotics for a specific diagnosis, following the Belgian national guidelines (e.g. "fever lasting for 3 days or more in children older than 24 months" in case of acute otitis media) (Appendix 1). All diagnoses in which an antibiotic prescription could be recommended by the Belgian Antibiotic Policy Coordination Committee (BAPCOC) were considered, including acute tonsillitis, acute otitis media, acute sinusitis, acute bronchitis, pneumonia, pertussis, impetigo, erysipelas/cellulitis, urinary tract infections and dysentery. The Belgian guidelines [7] are consistent with the European guidelines but adapted to the Belgian bacterial resistance patterns in the choice for an antibiotic class and dosage. 
Determining a valuable CRP cut-off
We used the cut-off of 5 mg/L to dichotomize our results to "normal" versus "elevated".
Besides performing POC CRP and adherence to EBM practice guideline advice, we added 3 covariates to our model to adjust for expected confounding due to the design of the original ERNIE2 trial. Practice type was added because we performed stratification at this level. The result on the clinical prediction rule was added since (1) FPs knew that this rule identified children at risk for serious infection (as shown before by Van den Bruel et al. [20] ) and (2) all these children received a POC CRP test. The communicative intervention of the original ERNIE2 trial (applying a brief intervention to elicit parental concern combined with safety net advice (BISNA), performed by half of the FPs) was added considering this intervention increased antibiotic prescribing [10] .
After performing the partially adjusted analysis, we adjusted our analyses further for other covariates that could have influenced antibiotic prescribing too.
At practice level, we considered geographical region (urban/rural).
At FP level, we investigated the role of personal characteristics (FP's gender, age, years of experience), annual antibiotic prescription rate as provided by the Quality assurance initiative of the Belgian social security authority (RIZIV-INAMI) and an indicator of the risk-avoiding attitude. We used the individual annual antibiotic prescription rate during 2011 (proportion of patients allocated to a FP who got an antibiotic prescription during that year, children and adults, most recent Belgian data available) as a proxy for baseline antibiotic prescribing. National prescribing data for children only were not available. We categorized FPs as high or low prescribers (with the national mean as threshold). As prescription data from early career FPs and residents were not yet available, we considered them as a separate group. All FPs completed a validated questionnaire (5 questions) measuring their riskavoiding behavior (also called 'defensive attitude'). The higher the sum score of this questionnaire (range 5 to 25), the more the FP will prefer the certain to the uncertain [24] .
At child level, we considered age (infant, preschool child, child/adolescent) and fever (no fever, elevation, high fever (39 C or more)). We also considered the perceived parental expectation regarding antibiotics, which was registered by the FPs at the end of the consultation by answering "yes/no" to the question: "Do you think this parent expects antibiotic treatment?". The option "I don't know" or missing values were categorized as "unknown". First, we explored which of these covariates at the univariate level influenced immediate antibiotic prescribing when added to the partially adjusted analysis. Secondly, covariates with p-values lower than 0.1 were included in the fully adjusted analysis, in addition to the covariates for which limited imbalances between the intervention groups were found: the child's age and temperature.
Results
Participant flow, recruitment and numbers analyzed
169 FPs started recruitment. Initially, 3288 acute infectious episodes were included between 15 February 2013 and 28 February 2014. After the application of the exclusion criteria (Figure 2 ), 2844 acute infectious episodes registered by 133 FPs (79 practices) were analyzed. 34 physicians were excluded because they included less than 5 children. Their baseline characteristics were comparable to those of included FPs (Appendix 2). 223 episodes were discarded because of missing data on antibiotic prescribing. These children were of similar age but had less often fever (p < .001) and represented more cases in which no guideline advice could be provided (p < .001) in comparison to children of whom outcome data on antibiotic prescribing was available (Appendix 3). Illness episodes in which performing POC CRP failed (no registered CRP value) were added to the 'CRP not tested' group. . This could be largely explained by the fact that all children at risk for serious infection according to the clinical prediction rule received a POC CRP test and were therefore assigned to the 'CRP tested' group. Children at risk for serious infection were generally younger, had more frequently high fever and suffered more from bronchitis and pneumonia, which was consequently reflected in the higher number of episodes in which antibiotics were advised by the EBM practice guidelines (Appendix 5). In children with acute non-severe infections, some small imbalances in age and fever between the study arms remained, but there was no longer a difference in the number of illness episodes in which EBM practice guidelines advised to prescribe antibiotics (Appendix 5). For 1287 episodes (45.3%), the parents returned the diary. There were no differences in baseline characteristics of children whose parents did or did not return the diary, except a minor difference in the child's temperature: the number of children with high fever was slightly larger when the diary was returned (39.2% versus 36.1%).
Baseline characteristics
Outcomes and estimates
In 1719 illness episodes (59.6%), CRP levels were measured. CRP levels were normal in 693 illness episodes (40.3%). Elevated CRP levels varied from 5 to 201 mg/L (mean 30.3 (SD 32.3), IQR 9-38). CRP was more frequently elevated when the EBM practice guidelines advised to prescribe antibiotics in comparison to those episodes in which they advised to withhold antibiotics (77.6% versus 52.9%, p < .001).
In 561 episodes (19.7%), FPs prescribed antibiotics immediately. In 2410 illness episodes (84.7%), the collected data provided enough information to determine the antibiotic prescribing advice based on the EBM practice guidelines. In 2013 illness episodes (83.5%), FPs followed the antibiotic prescribing advice. In 175 illness episodes (7.3%), overprescribing was detected. In 222 illness episodes (9.2%), under-prescribing was detected: FPs withheld antibiotics when the EBM practice guidelines advised to prescribe immediately ( Table 1) .
The intracluster correlation coefficient (ICC) was low (8.9% at practice level and 1.9% at FP level).
The partially and fully adjusted mixed logistic regression analysis showed that performing POC CRP in itself influenced adherence to the guideline: when the EBM practice guidelines advise to prescribe antibiotics (A), mere performing of POC CRP (regardless of the result) reduced prescribing (partially adjusted analysis: odds ratio (OR) 0.52 (95% Confidence Interval (CI) 0.32-0.84); fully adjusted analysis: adjusted odds ratio (aOR) 0.54 (95% CI 0.33-0.90)). This was not the case when EBM practice guidelines advise to withhold antibiotics (B) (partially adjusted analysis: OR 0.86 (95% CI 
)).
Focusing on the result of the POC CRP test (normal or elevated), the partially adjusted and fully adjusted mixed logistic regression analysis showed that normal CRP levels further reduced antibiotic prescribing whatever EBM practice guidelines advise (fully adjusted analysis: "prescribe antibiotics (A)": aOR 0.24 (95% CI 0.11-0.50); "withhold antibiotics (B)": aOR 0.31 (95% CI 0.17-0.57); "no advice (C)": aOR 0.26 (95% CI 0.11-0.64)). Elevated CRP levels did not significantly increase prescribing, except when no advice (C) could be given because the preliminary diagnosis and/or clinical indicators were lacking or unsure (borderline significance) (fully adjusted analysis: "no advice (C)": aOR 1.82 (95% CI 1.01-3.27)) ( Figure 3 , Table 2 , Appendix 6).
Sensitivity analyses for children with acute nonsevere infections versus children at risk for serious infections (according to the clinical prediction rule), followed the same trend (Appendix 7 and 8).
Harms
All children recovered. Based on data from the diaries, on average, children were better in 4 days (SD 3.9, IQR 2.0-5.0). 7 children (0.3%) were hospitalized for a serious infection. All these children were identified by the clinical prediction rule as at risk for serious infection and no hospitalization was due to unjustly withholding antibiotics.
Discussion
Main findings
Although the use of POC CRP without guidance did not reduce immediate antibiotic prescribing [10] , FPs clearly consider CRP once available: independent of what guidelines advise, normal CRP levels are a strong argument for FPs to withhold antibiotics. POC CRP discourages antibiotic prescribing even when EBM practice guidelines advise the opposite. This finding is extraordinary, since there is at this moment still no evidence that CRP can reliably discriminate viral from bacterial infections in acute infections in children [25] [26] [27] .
Strengths and limitations
Our databank consists of a large unique collection of illness episodes representative for infections commonly seen in children by FPs. The registered clinical data provided sufficient information to formulate a guideline based antibiotic prescribing advice in 85% of illness episodes, which makes our results solid.
The observed antibiotic prescribing rate was low (31.9%, of which 19.7% immediate prescriptions). Based on data from a Belgian continuous and integrated computerized morbidity registration network (INTEGO) [28] , we expected a prescribing rate of 40%. FPs may have inclined to avoid prescribing antibiotics during the trial because they were eager to perform well [29] . The low prescribing rate in our study cannot be explained by the selection of FPs since their mean annual antibiotic prescription rate was comparable to the national mean. Moreover, 31.2% of the immediate prescriptions could still be considered as inappropriate which highlights the room for improvement.
The Belgian BAPCOC guidelines [7] formed the basis to assess the EBM practice guideline advice, since these are the ones that should be followed by the participating FPs. These guidelines are consistent with the European guidelines but adapted to the Belgian bacterial resistance patterns. In comparison to the US guidelines, these recommendations are more restrictive in indications for antibiotic treatment for acute otitis media (considering age, clinical signs, risk factors for complications or severe illness) and pharyngitis (no common practice to test for streptococcus A infection) [30, 31] .
The assessment of the EBM practice guideline advice was done following strict predetermined rules but was inevitably dependent on the quality of the registered information. The preliminary diagnoses registered by the FP, were classified independently by two investigators to avoid imprecision bias in coding. Moreover, our strategy dealt effectively with the risk of 'diagnostic labeling' (when FPs register a specific preliminary diagnosis to justify their antibiotic prescription) since a diagnostic label was not sufficient to decide whether there was an appropriate indication for antibiotics. For the analyses we separated illness episodes in which there was insufficient information to reconstruct any advice.
In 10.9% (310/2844) of the infectious episodes, FPs thought that parents expected antibiotics. Although we did not find a significant difference concerning this covariate between infectious episodes with known and unknown CRP levels (10.9% (188/1719) versus 10.8% (122/1125), p ¼ .71), the analyses were corrected for this covariate because it is known that the perceived expectation strongly influences antibiotic prescribing [32] [33] [34] [35] . We aimed to estimate the effect of knowing CRP levels on antibiotic prescribing, independent of the influence of the perceived parental expectation for antibiotics.
We used the threshold of 5 mg/L to dichotomize the results of the POC CRP test (normal versus elevated). Previously, the ERNIE2 trial showed that when adding a POC CRP test to a clinical prediction rule, this threshold was useful to further exclude serious illness in primary care [17, 18] . For other proposed thresholds, varying from 10 to 50 mg/L, there is no good evidence in primary care that these are useful to exclude serious illness, nor to differentiate between viral and bacterial disease [11] . Our trial did not have enough power to examine subgroups based on different thresholds.
Because of the original trial design in which all children at risk for serious infection had a POC CRP test, the group of children with known CRP levels was somewhat different from the group of children in which CRP was not tested. Still, adjusting for these imbalances and performing sensitivity analyses for children at low versus higher risk for serious infection did not change our overall result.
Systematic POC CRP testing was performed in half of the children according to the protocol of the ERNIE2-trial in order to answer its divergent research questions [16, 19] . This practice does not replicate clinical work in primary care. In case of no uncertainty, physicians have no need to use additional testing and should be able to reassure parents without antibiotic prescription. Furthermore, introducing systematic POC CRP testing could lead to high cost for the health insurance: (1) the device as the test kits are expensive, and (2) when the CRP level is not congruent with the FP's clinical appraisal, this can further lead to unnecessary additional testing and referrals.
Our results are generalizable to similar children in other developed countries. However, results could be different in countries with lower health care accessibility.
Comparison with existing literature
We did not find any trials investigating the effect of using POC CRP on the adherence to the antibiotic prescribing guidelines. Other trials investigating the adherence to guidelines, focused on the relation between a prescription and a certain diagnosis [36] [37] [38] [39] [40] [41] , but not on the effect of the introduction of new technology on guideline adherence.
Implications for research and/or practice
FPs tend to withhold antibiotics for acute infections with normal CRP levels, even when EBM practice guidelines advice to prescribe. In our trial, we have no arguments to state that this finding is caused by guideline unawareness, since the adherence of participating FPs to these guidelines was remarkably high (83.5%). The finding that POC CRP discourages antibiotic prescribing when EBM practice guidelines advise differently, gives a cause for concern as it may result in under-prescribing and could be dangerous, since a normal CRP during the doctors' visit is no guarantee for an uncomplicated illness course. However, in our trial, all children recovered, and no hospitalization for serious infection could be attributed to under-prescribing. EBM guidelines are vague at some points. Probably, normal CRP levels tipped the scale to withhold antibiotics in illness episodes in which the EBM practice guideline advice leaves too much room for doubt. We hypothesize that a normal CRP offered FPs a convincing argument to withhold antibiotic in those illness episodes where advice to prescribe antibiotics went against their own gut feeling.
Evidence based guidelines should form the basis for the clinical decision making. However, in this indepth analysis, we found that FPs seem to be receptive for a tangible argument such as POC CRP. Up to now, POC CRP was never explored to narrow the safety margins of the guidelines or make the instructions more clear-cut. Future research should focus on whether POC CRP can effectively help to more accurately identify children who might benefit from antibiotics without increasing the risks of under-prescribing.
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